Estrogen regulation of steroidogenesis in rabbit luteal cells.
Estradiol is a potent modifier of gonadotropin-stimulated steroidogenesis. By the seventh day after ovulation, estradiol is the only agent required for the stimulation of progesterone synthesis by corpora lutea of superovulated pseudo-pregnant rabbits. To learn which control points in steroidogenesis are susceptible to regulation by estradiol alone, we have studied the production of pregnenolone, progesterone, and 20 alpha-hydroxy-4-pregnen-3-one by corpora lutea of estradiol-stimulated and estradiol-deprived pseudopregnant rabbits. In previous investigations, we learned that estradiol deprivation in vivo, on day 9 of pseudopregnancy, causes an abrupt cessation of progesterone and 20 alpha-hydroxy-4-pregnen-3-one production, which is associated with accumulation of cholesterol and cholesteryl ester in the luteal tissue. We now report that production of pregnenolone, measured as its concentration in serum, also decreases abruptly by 84% within 48 h when the estradiol stimulus is removed on day 9 of pseudopregnancy. In addition, short term incubations of luteal tissue demonstrate that corpora lutea from estradiol-deprived rabbits do not use stores of luteal intracellular cholesterol for production of pregnenolone and progestin. These findings suggest that upon estradiol deprivation, rabbit luteal cells lose their capacity for using stored cholesteryl ester, or cholesterol synthesized de novo, for the production of pregnenolone and progestins. We, therefore, tested the hypothesis that a blockade of steroidogenesis caused by estrogen deprivation occurs at the point of cytochrome P-450 cholesterol side-chain cleavage (P-450scc), a principal rate-limiting step in the conversion of cholesterol to hormonal steroid products. To this end, we assayed the P-450scc activity in mitochondria-rich fractions of corpora lutea from rabbits that were deprived of estradiol for 24 and 48 h beginning on day 9 after induction of superovulation. Surprisingly, withdrawal of the estradiol stimulus did not cause loss of luteal P-450scc activity, measured as the amount of aminoglutethimide-inhibitable conversion of 25-hydroxycholesterol to pregnenolone by mitochondria-rich preparations. From these results, we infer that the luteotropic action of estradiol is probably not effected at P-450scc in the rabbit corpus luteum, but, presumably, occurs at control points that regulate the availability of stored cholesterol and/or its movement to or within the mitochondria for conversion to pregnenolone.